In this current review, we report the cases of autoimmune pancreatitis in two adolescent boys. The diagnosis was made essentially on the basis of imaging result and response to steroid therapy. One of them developed ulcerative colitis 1 year later, which was in favor of the autoimmune pancreatitis diagnosis. Since the presentation of autoimmune pancreatitis can mimic other conditions, a prompt diagnosis should be made, helping the patient receive adequate treatment and avoid unnecessary surgical interventions.
Introduction
Autoimmune pancreatitis (AIP) is a rare disease that is extremely uncommon in children [1] [2] [3] . It represents 2% of chronic pancreatitis occurring generally in adult males [4] . The usual presentation is a pancreatic pseudo-tumor that can often be mistaken for pancreatic cancer. AIP can be divided into two types: 1) Type 1: more common in elderly Asian males, involves other organs and is associated with an increased IgG4 level; 2) Type 2 has been described in younger individuals with normal serum IgG4 levels and is more commonly associated with the development of ulcerative colitis [5] . The International Consensus Diagnostic Criteria (ICDC) included five fundamental criteria for AIP, namely, imaging of pancreatic parenchyma and duct, serology, other organ involvement, pancreatic histology, and an optional criterion of response to steroid therapy [6] . We are presenting the cases of two adolescent boys diagnosed with AIP. Our main objective is raising the awareness about this rare childhood disease to help clinicians having a high index of suspicion for it when present, and providing appropriate diagnostic tools and treatments.
Case Reports

Case 1
A 13-year-old Lebanese boy, with an unremarkable previous medical history, presented to the emergency department with a 4-day history of colicky periumbilical pain and nausea. The clinical exam showed no abnormalities, in particular for abdominal and neurological exam.
He was diagnosed with acute pancreatitis based on elevated lipase 7,538 IU/L, amylase 373 IU/L and slightly increased C-reactive protein. Complete blood count (CBC) and liver function tests results were the following: hemoglobin 14 g/dL, WBC 12,600/mm 3 , platelets 293,000/mm 3 , ASAT 29 IU, ALAT 50 IU and GGT 74 IU. Creatinine level was 50 μmol/L, while levels of calcium, cholesterol and triglycerides were normal. Abdominal ultrasound demonstrated a dilation of intrahepatic and extrahepatic biliary ducts. Magnetic resonance cholangiopancreatography (MRCP) (Fig. 1) showed irregular aspect and dilation of intrahepatic and extrahepatic biliary ducts with an irregular main pancreatic duct and a bulky, hypertrophied pancreas showing high T2 signal and low T1 signal surrounding the body and the tail. Endoscopic ultrasound showed a heterogeneous pseudo-tumoral parenchyma, compression of the extrahepatic biliary duct with biliary sludge, and a narrow irregular main pancreatic duct. AIP was suspected and workup for autoimmune diseases was undergone, showing the absence of autoantibodies (antinuclear antibodies, rheumatoid factor, smooth muscle antibodies, LKM1 antibodies and mitochondrial antibodies). The level of IgG4 antibodies was at 45.6 mg/ dL (reference range between 4 and 230 mg/dL). Multiple serologies done were negative (Epstein-Barr virus, cytomegalovirus, mumps, measles, mycoplasma, hepatitis A, B and C). He was kept nil per os (NPO) for 1 week with total parenteral nutrition resulting in a decrease of lipase level. Enteral feeding was resumed later uneventfully. Control abdominal ultrasound showed regression of the pancreatic size and the patient was later discharged at home symptoms free.
One year later he presented with inflammatory anemia and rectal bleeding. Colonoscopy showed endoscopic and pathologic aspects that were compatible with ulcerative colitis (Fig.  2) . He was treated first with mesalazine then with azathioprine and prednisone with improvement of symptoms. Prednisone was discontinued after a total of a 3-month treatment. Azathioprine was continued and the patient remained in remission for 
Case 2
A 12-year-old Lebanese Armenian boy, known to have ascendant aortic ectasia with no other health issues, was diagnosed with acute pancreatitis 6 days after aortic valve replacement. Physical exam showed heart murmur with normal abdominal and neurological exam. Medications received following the surgery included furosemide 2 mg/kg/day every 6 h, captopril 1 mg/kg/day every 12 h, vancomycin 60 mg/kg/day every 6 h, heparin 500 U/kg/day in continuous rate infusion, acenocoumarol 1 mg once daily and cefazolin 75 mg/kg/day every 8 h.
Workup showed a lipase level at 1,297 IU/L, amylase at 294 IU/L, hemoglobin at 10.4 g/dL, WBC at 8,400/mm 3 , platelets at 458,000/mm 3 , ASAT at 26 IU, ALAT at 22 IU and creatinine at 40 µmol/L. He was kept NPO (except for oral medication) and received parenteral nutrition. Multiple viral serologies were negative. Calcium and triglyceride levels were normal. While the patient was under parenteral nutrition, he continued to present persistent abdominal pain and vomiting. Oral treatments were discontinued. Abdominal computed tomography (CT) scan showed a mild dilation of the gallbladder with normal pancreas and absence of dilation of the hepatic ducts. Parenteral nutrition was discontinued, liquid diet was started and acenocoumarol treatment was resumed. Two days later, the child presented fever and abdominal pain, with blood tests showing a rapid increase of lipase to a level of 2,561 IU/L. Hypothesis of drug-related pancreatitis secondary to acenocoumarol was held; hence, acenocoumarol was stopped. Lipase and amylase levels decreased and he was discharged with amylase at 247 IU/L and lipase at 1,201 IU/L. One week after discharge from the hospital, despite the absence of abdominal pain or vomiting, an elevation of lipase to 2,400 IU/L was detected. He was readmitted to the hospital. Blood workup for autoimmune diseases showed no particularities with absence of autoantibodies (antinuclear antibodies, P-ANCA, C-ANCA, mitochondrial antibodies, anti-LKM1, anti-smooth muscle antibodies). The levels of complement (C3 and C4) were normal. Level of IgG4 was also within normal ranges at 99 mg/dL. Endoscopic ultrasound showed biliary sludge with no dilation of hepatic ducts. There was a hypertrophy and sausage shape of the pancreas suggestive of an AIP. The patient was treated with prednisone with a 1 mg/ kg/day dose. He showed a favorable response to treatment and decrease in amylase and lipase levels. One month later, lipase and amylase dropped to normal levels. Prednisone dosage was decreased progressively with a total treatment of 4 months. The patient did not show any relapse. He did not show any clinical signs of pancreatitis, with periodic blood tests showing pancreatic enzymes within normal ranges for the 6 months to follow (with lipase reaching a level of 82 IU/L and amylase 61 IU/L 6 months after treatment).
Discussion
Although AIP is rarely seen in children as compared to adults, and is usually underdiagnosed, the introduction of the ICDC helped raising the index of suspicion for AIP thus allowing earlier diagnosis possibly without the full spectrum of pancreatic manifestations. Patients with AIP can present with variable symptoms including recurrent episodes of epigastric pain with rarely signs of acute pancreatitis such as nausea, vomiting and weight loss, or symptoms of other associated diseases [3, 7, 8] . Jaundice, acholia and choluria may be present in up to 80% of patients [7, 9] . Although jaundice is present in a high percentage of patients, our two patients did not present any jaundice, but only abdominal pain, nausea, or vomiting. Many biological disorders may be found in association with AIP. Increased levels of pancreatic enzymes, hepatobiliary enzymes, bilirubin, and IgG are the main findings [1, 8, 10] . Various autoantibodies can be found but their presence is not specific for the disease [1, 8] . Autoantibodies may be found in 28 to 100% of cases, and their frequencies differ according to the type of antibody and the population studied [11] . According to one study, anti-nuclear antibodies and rheumatoid factor were positive in 44% and 16% of cases respectively [12] . One of the criteria for the diagnosis of AIP is elevated serum IgG4 level (> 140 mg/dL). In one study, IgG4 were found in 80% of patients with AIP type 1 and in 17% of patients with AIP type 2 [13] . However serum IgG4 can be elevated in multiple other conditions including cholangitis and pancreatic cancer [14] . Both patients had only isolated elevation of pancreatic enzymes levels with all other biological features within normal ranges. No autoantibodies were found and IgG4 were normal in both cases.
AIP can be associated with many other autoimmune diseases. Ulcerative colitis is more commonly associated with type 2 AIP, but can also be found in type 1 [5] . Furthermore, inflammatory bowel disease can be found in up to 14% of patients diagnosed with AIP [1, 8, 15] . The most frequent extrapancreatic lesion associated with AIP is sclerosing cholangitis.
Imaging techniques to study the morphology of the pancreas, the pancreatic and biliary ducts, constitute the cornerstone for diagnosis of AIP. Ultrasound usually shows dilated and sometimes thickened intrahepatic and extrahepatic biliary ducts, with enlarged and heterogeneous pancreatic parenchyma [9, 16] . Endoscopic retrograde pancreatography or MRCP can also show the enlarged pancreas with a better illustration of the narrowing of the main pancreatic duct. Diffuse enlargement of the pancreas with multiple stenosis of the main pancreatic duct without pancreatic stones is a pathognomonic radiological sign of AIP [1, 10] . In our both cases, imaging studies showed enlarged and heterogeneous pancreatic parenchyma with an irregular and narrow aspect of the main pancreatic duct. These signs were highly suggestive of AIP in our two patients.
Although seldom required, the diagnosis of AIP can be confirmed by obtaining histological evidence of an autoimmune process [17] . In type 1 AIP, these findings include lymphoplasmacytic infiltrate with storiform fibrosis and obliterative phlebitis (LPSP) or lymphoplasmacytic infiltrate with storiform fibrosis showing abundant (≥ 10 cells/HPF) IgG4-positive cells [18] . In type 2 AIP, granulocytic epithelial lesions can be found [19] . Pancreatic histology obtained by biopsy can be considered as gold standard for the diagnosis of AIP especially for the differential diagnosis with pancreatic cancer [20] .
Steroids help improve clinical symptoms in first place, then biological disorders in about 2 weeks and finally morphological anomalies of the pancreas. Response to steroids treatment is included in the ICDC and is considered an important criterion when it shows improvement or resolution of radiological features obtained at baseline [6, 20] . The recommended starting dose is 1 mg/kg/day followed by progressive tapering of the dose [1] . Our first patient had a good control for ulcerative colitis with no recurrence of AIP features after steroid treatment. Our second patient presented resolution of signs and symptoms of AIP after receiving steroids.
In summary, the diagnosis of AIP for our first patient was suspected after the imaging results, then the presentation of ulcerative colitis and response for steroid therapy were in favor of the diagnosis. As for the second patient, the diagnosis of AIP was made upon the imaging results and response to steroids.
Conclusions
In conclusion, AIP is a rare disease in children, and a high index of suspicion must be present to diagnose it and differentiate it from other conditions. Established criteria help confirming the diagnosis, keeping in mind that IgG4 antibodies are associated with type 1 and autoantibodies are not specific. The pancreas is usually enlarged on imaging studies and the main pancreatic duct is narrow. Steroid therapy is the main treatment and response to steroids is included in the diagnostic criteria. It is important to highlight that an accurate diagnosis should be made in order to treat the condition and to avoid unnecessary surgical procedures when AIP is mistaken for pancreatic cancer, especially in adult patients, where both conditions can present as a pancreatic mass.
Grant Support
This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors.
